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© Method of Immunoassay including deactivation of endogenous alkaline phosphatase. 

© A method for immunoassay for a ligand is performed on a porous membrane with alkaline phosphatase as 
the label. The assay protocol includes a wash step with an organic acid to deactivate endogenous alkaline 
phosphatase. The invention includes a kit of materials for performing the assay. 
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BACKGROUND OF THE INVENTION 

1. Field of the Invention . 

This invention relates to immunoassay for an analyte, and more particularly relates to membrane 
immunoassay and particular reagents useful therein. 

2. Background of the Invention. 

Assav systems which are both rapid and sensitive have been developed to determine the concentration 
o« a^sST eS deferred to as the analyte. present in low concentration in a fluid sample. 
tL oS^de^ on the binding of an antigen or hapten to a specific antibody and h^ve been 
STu^seful because they give high levels of specificity and sensitivity. These assays employ one of 

the above reagents in labeled form, the labeled reagent being referred to as the tracer. 

bnzymcs have often been used as labels in immunoassay. In conventional enzyme ™ n0 ^ E ^ 
the enzyme is covalentty conjugated with one component of a specifically bmdmg «»>™Wm. 
™d ^resulting enzyme conjugate is reacted with a substrate to produce a s.gnal wh.ch is detected and 
^^VJSSZf be a co.or change, detected with the naked eye or by a spectrophotometnc 
techn.que or may be conversion of the substrate to a product detected by fluorescence. 

A convenient format for EIA is solid phase immunoassay in which one of the assay reagents js 
immobS o a solid support The solid support may be in the form of a dipstick, the ms.de wall of a test 
ZZevtoe Z of a microtiter plate. A particular* usefu. solid support ,s a m,croporous 

■•""t^^ is often referred to as flow-through assay. B^ P |es ; of 

25 whereln flow is generated by capillary action are the assays *^ n .£™£££™ u % 

binding, separation and washing of assay components. The final step .n most memb ^ ane ^P r ^" r ^ 
passage of a co.or developing reagent, such as a chromogen. through the ^STS 
Lets with enzyme captured on the membrane to produce a color ^e w h.c^ mayj be detected as 
evidence of the presence of analyte or measured as evidence of the concentration of analyte. 

Enzyme commonly used in immunosassay is alkaline phosphatase (AP). Th, S enzyme is pr^ert .n 
oracticX all cells and has as its principle function the removal of phosphate groups. It has been 
£ZZ1£££* well-known to be debated at low P H ^--^«--gg 
Chemistry , 240, 4284 (1965); McComb et al., Alkaline Phosphatase. Plenum Publ., New York, New York, 

197 A P p r rblem often encountered in colorimetric assays using AP as the label ^.^.^fjjj 
nature of the enzyme. Most assays for an antigen in a clinica. sample are performed w*otf : £ the 
antigen If AP is present in the sample (hereinafter referred to as endogenous AP), .t may undergo 
Secific binding to the membrane or one of the assay components, or may not be completely removed 
by Steps in L assay protocol. In such a case, positive signals from clinically negatwe samples may 
result. The present .invention is directed to overcoming this problem . 

SUMMARY OF THE INVENTION 

A flow-through assay method for determining a ligand suspected to be present in a Jquid «cal 
sampleTcludes%ssing the sample through a membrane coated with an inert prote^ whereby *e l^and 
attSs to the membrane. In another embodiment of the method, the membrane addrtonally has coated 
S^SS which binds specify to the ligand. In the present <^»^^<«£ 
means a protein which is immunologically unreactive toward any other component of the ^assay and wh ch 
d?^ substantially bind nonspecifically to other proteins in the assay medium, wrth the «**«"0 
t?aTtffinert protein may well be immunologically reactive toward other materials which are not part of the 

D ass^o h^S AP in the sample. A tracer which includes AP ,s 

ZtubTd wS antigen on the membrane to cause binding of the tracer to the antigen. The AP bound 
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to the membrane is contacted with a substrate comprising an indoxyl derivative which is converted to a 
colored insoluble product which precipitates as a visible spot on the membrane. Preferred substrates 
additionally include a tetrazoiium salt The contrast between the color of the spot and the background color 
may if desired be stabilized for later viewing by passing a color stopping and stabilizing solution through the 
s membrane. 

Preferred figands are viral antigens detected by an assay format in which the AP component of the 
tracer is conjugated to a specific antibody. Preferred deactivating acids are hydroxy polycarboxylic acids, 
the most preferred of which is citric acid. 

The invention includes a kit of materials useful in performing the assay of the invention, 
ro Thus the invention provides a flow, through assay for an antigen in a clinical sample using AP as the 
label and an organic acid wash to deactivate endogenous AP in the sample. While deactivation of AP at low 
, pH is a well-known phenqnmenon, the organic acid wash of the invention selectively deactivates endog- 
enous AP without denaturing the antigen itself. In contrast, deactivation of endogenous AP with mineral acid 
would prevent binding between antigen and tracer and would destroy the assay. 

75 

BRIEF DESCRIPTION OF THE DRAWING 



The Figure shows the results of an assay for Influenza virus in accordance with the assay of the 
invention. 1 :v 

20. i. 

DETAILED DESCRIPTION . * A 

While this invention is satisfied by embodiments in many different forms, there will herein be described 
in detail preferred embodiments of the invention,. with the understanding that the present disclosure is to be 
25 considered as exemplary of the principles of the invention and is not intended to limit the invention to the 
embodiments illustrated and described." the 'scope of the invention will be measured by the appended 
claims and their equivalents. 

One aspect of the present invention is a method for colorimetric flow-through immunoassay of a ligand 
in a liquid using AP as the label. In accordance with the invention, it has been discovered that endogenous 
30 AP, often present in clinical samples, may be deactivated by washing the membrane with an organic acid, 
preferably a hydroxy polybasic acid, so that the color which develops on the membrane is due to ligand 
- only. 

The^ assay of the invention may be performed in any suitable assay device adapted for flow-through 
assay as known in the art. In preferred devices flow of assay liquids is promoted by capillary action 
35 induced by a pad of absorbent material positioned below the membrane. Many such devices have been 
disclosed and several are commercially available. The device itself does not represent a feature of the 
invention. 

The ligand may be from any source, and may be an antigen, an antibody or a hapten. For example, the 
ligand may be an antigen present in a body fluid, or it may be isolated from a body fluid and subsequently 

40 introduced into a different liquid, such as buffer. In other cases, the ligand may be from a source other than 
a body fluid, as, for example, a. culture of microorganisms such as Chlamydia or a cellular extract thereof. 
Preferred ligands are antigens, most preferably viral antigens present in a body fluid, such as Adenovirus, 
Parainfluenza 3 virus and, most preferably, Herpes simplex virus (HSV), Respiratory syncytial virus (RSV), 
and Influenza A (Ru A). The driyentipn will hereinafter be described genericaily in terms of a viral antigen. 

4S Turning now to a detailed description of the assay components, the porous membrane may be of any 
material which does not interfere in any way with any other component or step of the assay. Suitable 
membranes are, for example, glass fiber, polyvinylidene drfluoride, polycarbonate, nitrocellulose and nylon- 
Such membranes are well-known in the art and many are commercially available from suppliers such as 
Pail, Glen Cove, New York; AAilljppre^ and Schleicher and Schuell, Keene, New 

■so Hampshire. ' •■...» *>, 

The membrane may be, > coated with an antiligand specific for the ligand. Thus, in the case where the 
ligand is the preferred viral an^gen/. the anflligarid may be an antibody which binds specifically to the 
antigen and thereby captures the..aritiger) dn v the memb^ The membrane may be further coated with an 
inert protein to fill any bindirig srtes^o'n ^ not occupied by the capture antibody. Representative 

55 nonlimiting examples of suitable Triert proteins are casein and albumin, although others will be evident to 
those skilled in the art. Coating of both the inert ; protein and the antibody to the membrane may be carried 
out by any suitable method, preferably by iricijba^n^ v th& membrane with absolution of the protein whereby 
the protein is physically absorbed into the polymeric matrix of the surface of the membrane. 
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in a preferred embodiment of the invention, the membrane is coated wrth the .neri prote.n .the anbgsn 
absent directly onto this surface and the assay performed without a capture anybody. Row^hrough 
SuTassay wiLut a capture antibody is dsdosed in copending application senal number 272380, filed 
November 17. 1988, of common assignee herewith. 0 „„,„i~ 

^ membrane having a coating of capture antibody and/or inert prote.n .s exposed to the sampe 
-J2£££w «* antigen. PrSrabiy. the. coated membrane is incubated wHh the sample in 
SenX-through format for about 1 to 15. preferably about 5 minutes at a temperature of about Oto 
SoTpTierably about ambient temperature. By this procedure, antigen in the sample . captun* Ian the 
^ membrane in proportion to its concentration ih the sample. «n f^^^^ 1 ^ 
antigen is absorbed preferentially even when the sample contains a large excess of extraneous protein. 

^sTenT™ 

oassed through the membrane. Any organic acid which deactivates endogenous AP wrthout affecting any 
Sta JES* me assay may be used. Monobasic acids such as lactic or acetic acds may be used 
SerrTacids are polybasic acids such as succinic and glutaric acids. The most preferred aads are 
E^p5^ad3?S as malic and tartaric acid. and. in particular, citric acid. The deactivating ac,d 
STSeft^ as a solution in water, buffer or saline. Preferably an 

SX^XS&i 1.0 M -'^bly about 0.1 to 0.2 M having a pH of about 1-3 may be 
r ^frst clinta. samples. abpOt 300 ,L of the solution is sufficient to d^e wha = 
endogenous AP is present For samples suspected to have high concentrations of endogenous AP, more 

^^Tfw^ce^ comprised Af* conjugated to either the antigen (competitive assay) or a detection antibody 
tJSXZrt as described below. Many preparations of AP from various sources are commerc^ly 
Ste aW may serve as the label as iond as they may be conjugated to the antigen or antibody. 
SatioTof AP to antigens or antibodies is Well-known and fully understood by those stalled ,n *e art 

S Tslbsfrate for AP as known in the art may be used. Preferred substrates are those wh.ch form an 
insolSe on the membrane. The most preferred substrates are indoxyi denvative* such as 

I^pteSffoihar-Waqfl substrates as known in the art may be used, as for example • ^romo-4- 
, ^S£SiS^^^^ * * i^doxyls useful for preparation — * 

by standard methods is given by Holt et a... Proceedings of the Royal ^ of London. B. 1958. 148. 
/wi^q4 The substrate may preferably be dissolved in water, saline or a suitable buffer. 

tt^p^rrS^color resulting from the cleavage of the indoxy. substrate be augmented by 
inclusion ^fVtetrazolium salt in a substrate composition. Suitable tetrazolium salts are, for example p- 
iOdSte^o ^S nitroblue tetrazoiium (NBT). Although a colored spot of suffice* 

SSS'SSSLkdiiLim in the absence of the tetrazoiium salt inclusion of this reagent g-ves a 
s^d^co^-w^ maybe more easily visualized and may accordingly increase the sen**,* of 

membrane assay of the invention may be performed by either the competitive or sandwich 
teclSe wherein liquid flow through the membrane may be by capillary action mduced by absorbent 
So&'^lhe r^feL, in the compete assay 

having AP conjugated thereto wherein the antigen and the tracer compete for available b.nd.ng srte £ . he 
coated memb ane. In the preferred sandwich assay format of the invention, the tracer ,s a detection 
SSy sS or the antigen conjugated to AP. The preferred detection antibody ,s a monoclonal 
SbS S by Convention', precedes wei. known in the art The substrate composition m ay * en be 
Sssed throuah the membrane? AP on the membrane converts the substrate to a product detectable by 
So The ^ ^.^.or formation is proportional to antigen concentration which may ^ by 
assavina liouid samples having predetermined quantities of antigen therein and companng color mtensrt.es. 

Tde ?ed. ifcol^-fo^ reaction may be stopped and the color on the membrane , substanfally 
J^^^*m£ '« a color stabiliang reagent through the membrane. 
feaqents are mineral acids such as hydrochloric, sulfuric, phosphoric and pyrophosphonc acds or an 
Sous ion of an organic acid, optionally containing an organic solvent. Suitabte organ* acds are. for 
Sr P te.^cetic. tartaric: oxalic ^succinic, benzoic and preferably citric acids Surtabte organic solve ts are 
metoano , ethanol, isopropanoi, acetone and tetrahydrofuran. The concentration of the stab tong ac^ may 
^ S 0 to 0.5. rn¥in : water or buffer which may optionally contain about 30 of *e 

organic solvent Further details with respect to the color stabilizer are grven ,n copendmg apphcation Senal 
Number 414.1 61 . filed September 28. 1989. of common assignee herewith. 

tether aspect of the invention is a reagent kit or package of materials for perfomung „ a^say for a 
ligand in accordance with the method of the invention. The kit may mclude a membrane coated wrth an 



35 

! the assay 

40 



EP 0 444 302 A1 



inert protein and optionally wijh a capture antiijgand, a tracer comprising AP conjugated to one of the ligand 
or a detection antiliganct, a substrate for AP and a solution of an organic acid, preferably a dibasic acid, to 
deactivate endogenous AP. The kit may afeo include a color stabilizer comprising a solution of an acid, 
preferably an aqueous solution which includes an organic solvent The kit may also include standards for 

.5 the ligand, as, for example, one or. more ligand samples of known concentration, or ft may include other 
reagents, substrates, or solutions, such as saline or buffers and utensils such as vials or droppers useful in 
carrying out the assay. The membrane may be provided in a housing, preferably plastic, containing a 
material positioned under the membrane, such as absorbent paper, to facilitate flow of assay liquids through 
the membranes by capillary action. 

10 The following examples are provided to further describe the invention but are not to be considered in 
any way as limitative of the invention. 

EXAMPLE I . . ; . , 

75 Assay for Influenza A Virus 

A membrane filter stack was. assembled with the following configuration: 

Top layer- . t Three, micron Biodyne® Membrane, (Pali, Glen Cove, New York, #BIA0030HC5). 

Precoated by, immersion in phosphate buffered saline containing 0.3% casein for 30 
20 , , . minutes at ambient temperature. ' 

Next layer - Non-woven rayon sheet (Schleicher and Schueli, Ke^ne; New Hampshire; #5-S). 
Bottom layer - Cellulose absorbent pads (2) (Filtration Sciences, "Mount Holly Springs, Pennsylvania; 
w c #!D320-200) 

t - The membrane layers were encased in a plastic holder which includes a receiving well formed above 
, 25 the top layer. Within this.weil was fitted a flow restriction insert which has an aperture more narrow than the 
receiving, well and sits flush against the top membrane. ~ 

An antigen stock was prepared with type A influenza virus (Ru-A) (WSN strain) infected Madin-Darby 
canine kidney (MDCK) cells diluted in a buffer containing: 250 mM Tris HCI, 10mM 
ethylenediaminetetraacetic add (EDTA), 1 mM ethylenebis(oxyethylenenitrilo)tetraacetate (EGTA), 4% (v/v) 
30 polyoxyethylene sorbitan monolaurate (Tween 20), 1% N-acetyhL-cysteine, 02% sodium azide (NaN 3 ), pH 
8.5. Control antigen was prepared in a similar manner from uninfected MDCK cells. 

A 250 ftL aliquot of this antigen (or control) was applied to the device and allowed to drain through the 
flow restriction insert and onto the top membrane layer, followed by passage of 300 j*L of an aqueous 
solution of 0.15 M citric acid. The flow restriction insert was then removed, and to the device was added 
35 150 of tris buffered saline (TBS), additionally containing 1 mg/mL of rabbit IgG. 

A solution containing 27 ftqfmL of anti-Flu-A antibody conjugated to alkaline phosphatase calf intestine 
AP, Buehringer Mannheim, Indianapolis, Indiana was prepared in a buffer containing 100 mM Tris HCI, 150 
mM NaCI, 200 mM sodium phosphate, 1% casein, 1 mM magnesium chloride, 0.1 mM zinc chloride, 1 mM 
2-mercaptoethanol. and ,0.2% NaN 3 , pH 7.2. A 150 aliquot of this mixture was added to the device and 
40 allowed to absorb .into the membrane stack. Following a brief (two minute) incubation, the device was 
washed with 300 ftL of TBS (without IgG). 
. A 150 pL solution , containing 0.33 mg/mL nitroblue tetrazolium, 1% methanol, and 0.2% NaN 3 was 
• • - - added to the device. This was followed by the addition of 150 ?L of a solution containing 2 mg/mL indoxyl 
phosphate, 16 mM. levamisole, in 50 mM 2-amino-2-methyl-1-propanol (AMP) acetate, 0.2% NaN 3l 1 mM 
. 4s magnesium chloride, at.pH 9.8. Following a five minute incubation at ambient temperature, the color forming 
reaction was stopped by the addition of 150 pL of a stabilizing solution containing 150 mM sodium citrate at 
pH ,3.0. The relative color density of the resulting signal spots was measured in arbitrary units of reflectance 
with a. reflectance densitometer (Gretag, Seattle, Washington, model 183). The results of an experiment 
. performed with a series of antigen dilutions are presented in the Figure and are compared with a negative 
so control (no acid) and with results obtained using 1N HCI, 4.5 N H2SO4, 5% acetic acid. It is readily seen 
that reflectance increased with increasing antigen concentration when acetic and citric washes (and no acid) 
were used, indicating successful assay. However, HCI and H2SO4 gave unsuccessful assays in that 
reflectance did not increase, with increasing antigen concentration. While not wishing to be bound by any 
theory, it is believed that mineral acjci denatured the antigen on the membrane and prevented binding to 
55 conjugate antibody. . - ] 

EXAMPLE II ' " 
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Comparison of Deactivating Acids . 

— roanqTfii membrane filter s tack, plastic holder and assay protocol as descnbed in Example I the 

deactivating acids listed below were compared for effectiveness in deactivating endogenous AP in 

infected and uninfected MDCK cells. 
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A... 0.15 M citric acid 
B ... 0.15 M glutaric acid 
C ... 0.15 M tartaric acid 
D ...0.15 M succinic acid 
E ... 0.15 M malic acid 
F ... 0.15 M lactic acid 
G ... no acid - negative control 



The results of this experiment are given in the following Table. 
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a) VVSN infected MDCK cells 

b) uninfected MDCK cells 

c) ( + ) and (-) indicate presence or absence of visually detected color 

It is seen from the above Table that the presence of the organic acid did not interfere with the assay 
of infected cells and that the experiment performed with uninfected cells (no antigen) gave negative 
siqnals with each acid indicating deactivation of endogenous AP in these cells. 

II Example I was repeated except no MDCK cells were used, and the dilution buffer was spiked with 4.8 
units/test of E. coli AP. Thus, in this experiment, no antigen was present so that no label AP was 
captured on the"H"embrane and the E. roll AP spike, representing endogenous AP, was the only AP 
present. The results of this experiment are as follows. 
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It is seen from this experiment that all of the deactivating acids (A to F) reduced the signal due to the 
AP. spike in comparison.to the control (G) having no acid, and that citric acid (A) and tartaric acd (C) 
were the most effective. 
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Claims 

1. A method for determining a ligand in a liquid sample comprising: 

a) causing a liquid sample suspected of containing a ligand to pass through a porous membrane 
coated with an inert protein whereby said ligand becomes affixed on the coated membrane; 

b) passing a wash solution containing an organic polybasic acid through said membrane; 

c) passing a solution containing a tracer comprising alkaline phosphatase conjugated to an antiligand 
through said membrane whereby said tracer binds to said ligand; 

d) passing a substrate solution for said alkaline phosphatase comprising a tetrazolium salt and an 
indoxyl derivative through said membrane, said substrate being converted by said alkaline 
phosphatase on said membrane to a colored product; and 

e) determining the presence of said ligand in said first liquid by detecting said colored product on 
said membrane. . 

2. The method of Claim 1 wherein said ligand is a viral antigen. 

3. The method of Claim r wherein said polybasic acid is selected from the group consisting of citric, 
succinic, glutaric, malic and tartaric acids. 

4. The method of Claim 1 furihei comprising directing a color stabilizing solution through said membrane. 

5. A method for determining a ligand in a liquid comprising: 

a) causing a liquid sample suspected of containing a ligand to pass through a porous membrane 
coated with a reagent selected from the group consisting of an antiligand and an inert protein^ 
whereby said ligand becomes affixed on said coated membrane; ~ 

b) passing a wash solution containing an organic acid through said membrane; 

c) passing a solution containing a tracer comprising alkaline phosphatase through said membrane 
whereby said tracer attaches to one of said antiligand and said ligand to give a bound fraction 
including said alkaline phosphatase on said membrane; 

d) passing a substrate solution for said alkaline phosphatase comprising an indoxyl derivative 
through said membrane to give a colored product; and 

e) determining the presence of said ligand in said first liquid by detecting said colored product on 
said membrane. 

6. A method for determining a viral antigen in a liquid sample comprising: 

a) causing a liquid sample suspected of containing a viral antigen to pass through a membrane 
coated with an inert protein whereby said viral antigen becomes affixed on said coated membrane; 

b) passing a wash solution containing citric acid through said membrane; 

c) passing a solution containing an antibody conjugated to alkaline phosphatase through said 
membrane whereby said antibody binds to said antigen to give a bound fraction including said 
alkaline phosphatase on said membrane; 

d) passing a substrate solution containing indoxyl phosphate and nitroblue tetrazolium through said 
membrane, said alkaline phosphatase converting said indoxyl phosphate and nitroblue tetrazolium to 
a colored product on said membrane; 

e) directing a color stabilizing solution comprising citric acid through said membrane; and 

f) determining the presence of said antigen in said first liquid by detecting said colored product on 
said membrane. 

7. A kit of materials for performing an assay for a ligand in a liquid comprising a membrane coated with at 
least one of an inert protein and a first antiligand, a tracer comprising alkaline phosphatase conjugated 
to one of said ligand and a second antiligand, a substrate for said alkaline phosphatase and a wash 
solution comprising an organic dibasic acid. 

8. The kit of Claim 6 wherein said acid is selected from the group consisting of citric and tartaric acids. 

9. The kit of Claim 6 further comprising at least one solution selected from the group consisting of a 
solution devoid of ligand and a solution containing a known concentration of ligand. 
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10. The kit of Clam 6 further comprising a housing having said membrane therein and an absorbent 
material positioned adjacent said membrane. 
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